This paper presents a fuzzy approach to the identification of organizational values and culture. The proposed approach has been developed from crisp assessment methods in the literature and has been applied to the Industrial Engineering Department (IED) at a state university in Turkey. Highly subjective judgments and ambiguity regarding the presence of values and the culture type of the organization resulting from these values suggest the necessity of using a fuzzy approach. Where the uncertainty arises from the inability to perform adequate measurements, fuzzy sets provide a mathematical method of representing such uncertainties. Applying the fuzzy approach, organizational values which are common, and should be common in the IED, are identified and these values are organized into four generic culture types -adhocracy culture, market culture, clan culture and hierarchy culture -stating in which culture type the IED belongs. Finally the uncertainties of the culture sets are quantified by the measure of fuzzy entropy.
Introduction
In order to survive in today's competitive world, organizations are recognizing that they must not only be concerned with what is going on outside of the organization, but what is being manifested internally as well. Each organization is built on a solid foundation of organizational values, ''a set of timeless guiding principles pointing out what is important for an organization'' [1] . Organizational values are the unconscious, deeply held assumptions and beliefs at the heart of the organization's culture [2] giving direction to all decisions made in the organization at all levels [3] . Without organizational values, organization members will, by default, follow their individual value systems [4] formed in their childhood and acquired from the society to which they belong [5] . These may or may not promote behavior that the organization finds desirable. Therefore, organizational values should be established to provide the congruence between individual and organizational values which is essential to generating and sustaining movement toward vision [6] . According to McDonald and Gandz [7] , vision and organizational values are inextricably linked and mutually supportive. To the extent that organization members share similar perceptions of organizational values, they can be taken to represent the values of the organization [8] [9] [10] . Organizational values, on the whole, provide the framework for the culture, which affects nearly all organization endeavors, from the execution of strategy to the acceptance and implementation of new processes [11] . A common way by which organizational culture can be operationalized is through organizational values [9, 12] .
Organizational values can be classified into two basic groups: core values and espoused values. Core values define the ways a business is conducted [13] and they are maintained although business strategies and practices endlessly adapt to a changing world where the circumstances may change and penalize an organization for holding them [1] . Collins and Porras [14] typify core values as the ''central and enduring tenets of the organization forming the 'glue' that holds an organization together as it grows, decentralizes, diversifies and expands''. On the other hand, espoused values are the values which an organization claims to hold, delineating its future perspective. They represent the set of values that an organization advocates to its internal or external constituents, either through written or oral communication, regarding the kinds of behaviors that it profess to believe in [15] . Core values are internalized and reflected in the way individuals actually behave and may be incongruent with espoused values, especially as external social pressure makes organizations espouse socially acceptable values. Briefly, core values stand for ''what we are'' and espoused values stand for ''what we want to be''.
Organizational values are considered to be an absolutely fundamental component of organizational culture [16, 17] . Organizational culture is ''a pattern of basic assumptions and beliefs, developed by a given social group throughout its history of internal integration and external adaptation, that has worked reasonably well in the past to be considered by the group as valid and important enough to be passed on to new members as the ''correct'' way of interpreting the organization's reality'' [18] . In brief, organizational culture is ''a complex set of values, beliefs, assumptions and symbols that define the way in which a firm conducts its business'' [13] and governs the ways people in an organization interact with each other and invest energy in their jobs and the organization at large [19] . The culture of an organization is initially connected to the values of its founders, as well as the socioeconomic, regulatory and institutional environment of the organization. Sometimes it is created by the initial founder of the organization, sometimes it emerges over time as an organization encounters and overcomes challenges and obstacles in its environment and sometimes it is developed consciously by management teams who decide to improve their organization's performance in systematic ways [20] . Organizational culture is maintained and transmitted through stories, rituals (collective activities), symbols (words, gestures, pictures, objects, etc.) and practices [21] . This paper suggests a fuzzy approach serving to reveal organizational values and culture, and presents the application of this approach to the Industrial Engineering Department (IED) of Istanbul Technical University (ITU). Highly subjective judgments and ambiguity in deciding on the presence of values and the culture type of the organization resulting from these values suggests the necessity of using a fuzzy approach. Fuzzy sets provide a mathematical method of representing such uncertainties, where the uncertainty arises from the inability to perform adequate measurements [22] . In this study, organizational values are assessed using fuzzy sets theory and are organized into four generic culture types suggested by Quinn and McGrath [23] . Since fuzzy sets, by means of fuzzy membership functions, represent successfully the uncertainty inherent in the assessments, it is necessary to have a measure to quantify this uncertainty (fuzziness). Here, the uncertainties of the culture sets are quantified by the common measure of fuzziness, fuzzy entropy [24] [25] [26] [27] [28] [29] [30] [31] [32] .
The rest of the paper is organized as follows: in Section 2, the methodology for value and culture assessment is introduced and definitions of membership functions of fuzzy sets used in the methodology are given. To address practical issues, an application of the proposed methodology is illustrated in Section 3. Finally, Section 4 summarizes the contributions of the proposed approach. A range of tools designed to assess organizational culture also have been developed and applied in various milieus. These culture assessment tools adopt either a typological approach, in which the assessment results in one of several ''types'' of organizational culture being identified; or a dimensional approach, which describes a culture by its position in relation to a number of continuous variables [36] . For example, the ''Competing Values Framework'' [37] is an example of the typological approach, characterizing organizational cultures as clannish, hierarchical, market-orientated, or adhocratic. Cameron and Quinn [20] have developed an organizational culture framework built upon the ''Competing Values Framework'', referring to whether an organization has a predominantly internal or external focus and whether it strives for flexibility and individuality or stability and control. This framework is also based on six organizational culture dimensions and four dominant culture types (i.e., clan, adhocracy, market, and hierarchy). In addition, the authors generated an ''Organizational Culture Assessment Instrument (OCAI)'' which is used to identify the organizational culture profile based on the core values, assumptions, interpretations, and approaches that characterize organizations. In addition to these typological tools, Walker et al.'s [38] ''Corporate Culture Questionnaire'' and Hofstede et al.'s [39] ''Organizational Culture Questionnaire'' are examples of tools adopting a dimensional approach.
To assess organizational values, one might better take an explorative step, in which the assessment is done by means of qualitative interviews, and, in contrast, one might better take a quantitative step, in which the assessment is done by means of quantitative questionnaires including predefined standard questions, i.e., the organizational values. Moreover, quantitative and qualitative approaches can be used in a complementary way to help develop a more detailed understanding of organizational values [35, 40] . In general, qualitative research findings can be used to inform hypotheses testable by quantitative methods, and qualitative research can be used to explore the meaning of quantitative findings [40] .
Particularly, in the above mentioned crisp quantitative approach,
• Assessment is not organization-specific and there are predefined value and culture sets, complicating the identification of the culture type of the organization.
• An organization cannot exhibit two or more culture types (In reality, it can).
• Each culture type is derived from different numbers of organizational values, decreasing the objectivity of the decisions about the organization's culture type, and In this study we propose a fuzzy quantitative assessment approach to overcome these deficiencies.
Value assessment
The crisp method proposed by Soyer and Asan [41] , using the conceptual basis of McDonald and Gandz's study [7] has been adapted for the value assessment. The assessment consists of two parts, the first part questions the current values that are common in the organization and the second part is about the values, which should be common in the organization. Current common values will be called core values and the values that are believed to be commonly held will be called desired values. A self-administered questionnaire, containing a list of 24 value statements and their brief definitions, has been developed using a five-point rating scale ranging from 1 to 5. The respondents are asked to indicate their opinions about the value statements regarding the following questions:
• How common is the value in your department?
• How common should the value in your department be?
It is important to determine the outstanding values and culture of the organization according to the data gathered through the questionnaire. However, a respondent makes judgments on the basis of available data and in a way which is unknown to us (subjective). Each respondent has his/her own opinion about the meaning of the same subjective concept. Thus, the judgments are highly subjective and this could be considered as lack of information in the objective sense [42] . To represent the uncertainty and ambiguity arising in the assessment of the organizational values, the crisp results of the questionnaire are fuzzified by means of a fuzzy membership function which allows varying degrees of memberships in a set.
To construct a membership function the interpretation (semantics) of the function should be considered, and then the appropriate method for that interpretation should be chosen. Numerous methods for constructing fuzzy membership functions have been described in the literature. These methods can be classified into three broad groups:
• Subjective evaluation and elicitation methods -methods that are based on subjective perceptions of vague or imprecise categories rather than on data or other objective entities involved in the given problem [43] . Measurement-theoretic approaches [44] . Intuition-based approaches [45] . Probabilistic approaches [46] . • Heuristic methods, parametrized functions -methods which use predefined shapes for membership functions [43] .
• Estimation methods using synthetic and real data sets.
Neural network techniques [47] . Fuzzy clustering methods [48] . Curve fitting methods [49] .
The choice of the method may depend on the kind of the problem and the type of data available [43] . ''In practice, designers may choose the membership functions optionally in some degree, i.e., these membership functions may be different for the same concept, but they can generally get the same (or approximate) result'' [50] . It should be noted that no measures are available to evaluate the goodness or correctness of the membership function generated using a particular method [43] .
Since we fuzzify values those are extracted from a theoretically sound crisp scale, it is important to maintain the scale's basic characteristics. Considering the nature of the problem, the use of a predefined parametrized S-shaped membership function is preferred. Accordingly, the membership function has the following features: (i) the function is continuous, (ii) it maps an interval [a, b] to [0, 1], (iii) it is monotonically increasing. The parameters associated with the membership function are provided by expert judgments.
The membership function (l v ð x i Þ) generated for organizational values is given in Eq.
(1). Here, '' x i '' denotes the average of all respondents' judgments for a given value i (see Fig. 2 ). For instance: if x i is greater than 4, then it can be concluded that most of the respondents think the department completely has the value i. Therefore, it can be inferred that the department has this value without any doubt and the membership value should be 1. Similarly, if x i is smaller than 2, it indicates that the respondents think the department does not have the value i. So the membership value of 0 can be easily assigned. Additionally, a linear membership function is assumed for the x i values between 2 and 4. Thus, the membership degree shows to what extent the organization presents a value represented by a particular fuzzy set. By using the membership functions, current and desired values are fuzzified 
In addition to current values, the desired or future values should be taken into consideration. It could be expected that current common values which are no longer desired are still core because of the system (e.g., external social pressure) the organization complies with. While accepting that core values do not easily change, this type of assessment may help to find out which core values have really been adopted by the organization.
Culture assessment
According to the theory of McDonald and Gandz [7] each culture type is derived from different numbers of values. For example the presence of adhocracy culture in an organization is measured by the presence of five values; namely adaptability, autonomy, creativity, development and experimentation. The 24 different values used in the questionnaire are organized into four main culture types. The culture types and the values they contain are given in Table 1 .
From this point of view, the culture of the department will be identified by the presence (degree of membership) of the relevant values. While members of a crisp set would not be members unless their membership was complete in that set, the fuzzy approach enables us to interpret the results according to different decision levels indicating gradual membership to culture types. For this reason, three different decision levels (average, high, very high) to identify the possible culture types present in the organization have been defined. Subjectively, the minimum numbers of values satisfying these different levels of each culture type is determined. Table 2 gives the corresponding numbers of values for each level and culture type. For instance, the hierarchy culture consists of six values (cautiousness, economy, formality, logic, obedience, orderliness), and in order to state ''the department has hierarchy culture at average level'' the department should be identified as having any three of these values.
When the presence of the values is defined by using fuzzy membership functions, the presence of culture will also have a fuzzy characteristic. In order to transform the membership degrees of the values to culture membership degrees, a concept derived from the intersection of fuzzy sets has been used. Zadeh [51] was the first to extend intersection to fuzzy sets. He suggested the min operator to model intersection, as used in this study.
Concept functions as follows: if t values are used to measure a culture at a level, and n number of these values should exist to accept the existence of the culture at that level, then t values are used to make combinations of sets with n members, thus giving the minimum membership degree within a combination and then the maximum among combinations is taken, this will give the membership degree of the culture type at a specified level. The mathematical formulation is given below: Table 1 Culture types and values, according to [7] Culture 
where C-L denotes the culture level and CS the culture set; n represents the number of values that should exist for a given culture type and culture level, and x is a vector of all average values of responses.
A further important concept that should be considered in the culture assessment phase is uncertainty. Since, for any organization, the organizational values of a culture set belong to the set to some degree, the culture set is also uncertain or vague to some degree. A great variety of measures have been proposed to quantify uncertainty. These measures are classified according to the type of uncertainty they deal with. According to Pal [52] uncertainty is subdivided into three categories, fuzziness, nonspecificity and randomness. While fuzziness is addressed by fuzzy sets theory, nonspecificity is addressed by evidence theory and randomness by probability theory. Fuzzy uncertainty differs from probabilistic uncertainty (randomness) and nonspecificity in that it deals with situations where the boundaries of the sets under consideration are not sharply defined. Randomness and nonspecificity are not due to ambiguity regarding set-boundaries but rather are concerned with the belonging of elements or events to crisp sets [53] . As culture sets are perceived as having imprecise boundaries that facilitate gradual transitions from membership to nonmembership and vice versa, only the type of uncertainty resulting from fuzzinessthe lack of sharpness of relevant distinctions -was of interest in this study [49] .
In the literature there are several well-known measures of fuzziness [54] [55] [56] [57] 52, 24, 27 ]. An often used and cited measure is fuzzy entropy, which estimates the average ambiguity in fuzzy sets in some well-defined sense [27] . In this study, the measure of fuzziness for a discrete fuzzy set A is defined as a mapping H : P n (X) ! R + that quantifies the degree of fuzziness present in A where P n (X) is the set of all fuzzy subsets of X. Based on the De Luca and Termini [24] axioms, Ebanks [58] suggested that a measure of fuzziness should satisfy at least the following five well-known properties: In this study a nonprobabilistic entropy measure based on the membership functions of the intersection and union of the set and its complement set is used. This measure, introduced by Shang and Jiang [59] , satisfies all properties and is defined as follows:
where n denotes the number of values in a culture type; x i is the average of all respondents' judgments for a given value i and l C ð x i Þ denotes the degree of belongingness of value i to the culture set C. C is the complement set of C. The general form of the fuzzy-based methodology for value and culture assessment mentioned above is summarized in Fig. 3. 
Application

Value assessment
For value assessment, the initial step in the fuzzy-based methodology is to collect data through a self-administered questionnaire. Considering the statement that values are 'a set of timeless guiding principles', an important question that arises is whether the questionnaire (crisp measurement tool) provides reliable and in turn valid results. For this reason, Soyer and Asan [41] carried out a longitudinal analysis to test whether the crisp measurement tool suggests changes in common values. Changes in the short-term would indicate that either the questionnaire is incorrectly applied (not reliable), or the tool does not address the problem (not valid). They questioned the same academicians using the set of 24 value statements, explained in After collecting data with the questionnaire, which was applied in 2003, the average of responses is used to calculate the membership degrees for each organizational value by using Eq. (1). For example, in terms of current values the average of responses for the value adaptability, x 1 , is 2.84 and when it is applied to Eq. (1) the membership degree is calculated as follows:
According to the results given in Table 3 , formality and economy are the strongest values in terms of current values, i.e., the department completely holds these values. The department can also be said to have cautiousness, fairness, forgiveness, obedience and courtesy, because these values have moderately strong membership degrees (>70%).
It is possible to summarize the results as given in Fig. 4 . It is interesting that current common values are divided into two main groups by the option desired. This can be explained as those values which are both common and desired are core values and have really been adopted by the organization; while those values which are common but not desired are again core values, but indicate that they are core because of the system (here the faculty and university) the organization complies with. The values not common but are desired could be considered as espoused values and these values affect the internal forces of the organization.
Culture assessment
By means of Eq. (2), the membership degrees of culture types at different levels, which indicate the existence of each culture type in ITU-IED, are calculated as given in Table 4 . Also the fuzzy entropy measures for each culture type are given in Table 4 as a result of Eq. (3).
An example of the calculations of the membership degree of market culture at average level (culture level (C-L): market culture-average) is given below:
From Table 1 , n is equal to 2 and CS is {2, 11, 18}. Then, However, if the decision level is increased to ''Very high'', the adhocracy culture replaces the clan culture. Here the department presents hierarchy culture with a still strong membership degree of 0.65 and adhocracy culture with a weak membership degree of 0.36.
A further measure, fuzzy entropy, that may contribute to a more consistent and accurate judgment is considered. This measure reveals the degree of uncertainty inherent in each culture set that we are exposed to in any judgment about these culture set. A value close to one indicates high uncertainty.
Given in Table 4 , adhocracy culture is the most uncertain culture set with a fuzziness of 70%. This value implies high uncertainty and thus poor judgment about the culture set. The high uncertainty and moderate membership degree can be concluded from indecision. In this context, although adhocracy culture presents the second highest value at the ''Very high'' decision level it will not be considered for the IED.
On the other hand, the hierarchy culture has the lowest degree of fuzziness (0.33), which supports its high membership degrees. Consequently, the hierarchy culture mainly forms the organization's culture. Additionally, the clan culture with a relatively low degree of fuzziness and moderate degree of membership, can be implied to be part of the organization's culture.
Finally, the assessment concludes that the hierarchy and clan cultures dominate and form the organization's culture.
Conclusion
Today, only those organizations that can adapt to the fast changing environment can survive. In this context, organizations need to periodically reassess their values and cultures as accurately as possible. In the crisp quantitative approaches for value and culture assessment (i) assessment is not organization-specific and there are predefined value and culture sets, complicating the identification of the culture type of the organization, (ii) an organization cannot exhibit two or more culture types, (iii) each culture type is derived from different numbers of organizational values, decreasing the objectivity of the decisions about the organization's culture type, and (iv) organization members may perceive organizational values differently, because of their different interpretations regarding the relevant values or because of their individual values. These conditions make it difficult to decide on the presence of the values and also the culture type of an organization and make the crisp solutions obtained from these approaches unsuitable. To overcome these deficiencies, in this paper a fuzzy quantitative assessment approach demonstrating the ability of fuzzy theories in the analysis of social and cultural problems, has been proposed.
While members of a crisp set would not be members unless their membership was complete in that set, the fuzzy approach allows gradual memberships to culture types. Additionally, in the crisp evaluation of Soyer and Asan [41] each culture type is derived from a different number of values, which does not allow a highly reliable comparison, whereas the proposed fuzzy approach suggests decision levels for the membership functions of the culture types and reveals the uncertainty level of each set, which makes the decision process more plausible and reliable.
Finally, addressing practical issues, this approach has been applied to the IED at ITU, and it is also applicable to various fields. The approach also allows for comparisons of values and culture of an organization over time and is more comprehensive than traditional statistical methods.
Future research can examine collecting subjective perceptions of organizational values in terms of fuzzy data, instead of fuzzifying results of a crisp assessment. Additionally, suitability and applicability of different membership generation methods for value and culture assessment can be studied.
